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METHOD AND APPARATUS FOR OPERATING A
MOTOR VEHICLE ALTERNATOR

BACKGROUND OF THE INVENTION

The present invention relates generally to alternators
for use 1n motor vehicles and, more particularly, to a
method and apparatus for operating an alternator in a
motor vehicle to improve low engine speed power gen-
eration and to do so in a compact alternator structure.

A conventional motor vehicle alternator is driven by
the vehicle’s internal combustion engine at a defined
speed change ratio through a drive belt or the like.
Unfortunately, the output current and efficiency of the
alternator vary with the speed of the engine which is
controlled for the mechanical requirements of the vehi-
cle. At low speeds, the alternator output is insufficient
to provide the power needed to operate all electrical
equipment of the vehicle while at high speeds, power
generation is sufficient to far exceed these requirements.

It has been recognized that the operating speed of an
alternator used in the electrical system of a motor vehi-
cle may be varied to overcome these inconsistent power
generation versus power requirements and to advanta-
geously generate sufficient power for the motor vehicle
when the engine is operating at a low speed. For exam-
ple, a two speed alternator operable at its higher speed
for low speed operation of the corresponding motor
vehicle engine 1s known. In the known system, switches
between the low and high speeds are performed by a
centrifugal switch at a given engine speed.

Another two speed alternator system provides
switches between a high speed and a low speed depen-
dent upon detection of idling operation of the driving
engine.

Still another alternator speed control arrangement
involves an alternator speed changing device which is
controlled to maintain operation of an alternator within
an optimum predetermined range of operating speeds at
all times. |

While not related to the problem of providing suffi-
cient power at low operating speed of a driving internal
combustion engine, an alternator control system is
known which prevents over-speed operation of an alter-
nator. In this system, the frequency of the output power
from the alternator is monitored and an alternator drive
system 1s disengaged for frequencies above a given
frequency. Hence, operation of the alternator above a
given speed 1s prevented to thereby prevent potential
damage to the alternator.

These known alternator control arrangements are
useful in providing adequate power at low engine
speeds or for protecting alternators at high engine
speeds; however, the known alternator control arrange-
ments for providing adequate power at low engine
speeds are either mechanically unreliable or require
control inputs from an engine speed controller or the
like for proper operation.

Accordingly, there is a need for an improved control
arrangement for controlling the operation of an alterna-
tor in a motor vehicle which is reliable and does not
require interconnection to related engine operating
components. Preferably, the improved arrangement
would permit a compact alternator structure to not only
provide adequate power at low engine operating speeds

but also occupy less space within the engine compart-
ment. |
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SUMMARY OF THE INVENTION

This need is met by the method and apparatus of the
present invention wherein the output frequency of
power generated by an alternator is used to control the
operating speed of the alternator. The frequency of
output power generated by the alternator is representa-
tive of the operating speed of the engine. By using the
frequency of the output power generated by the alterna-
tor for controlling switching between, a high operating
speed for low frequency output power and hence low
engine speed and a low speed for high frequency output
power, and under high engine speed the alternator con-
trol arrangement is autonomous in that it does not rely
on external inputs from engine control equipment or
otherwise.

Advantageously, when shifting to a first high speed
of cperation from a second low speed of operation, the

alternator control arrangement of the present invention
partially engages the alternator drive mechanism for an

initial brief period of time. This initial brief period of
partial engagement of the alternator drive mechanism
somewhat gradually accelerates an armature of the
alternator toward the first high operating speed from
the second low operating speed.

In the preferred apparatus embodiment of the present
invention, a two speed gear train is coupled between a
drive pulley and the armature of the alternator. An
electrical clutch i1s provided for switching between the
high operating speed and the low operating speed. Pref-
erably, the partial engagement period of the drive
mechanism commences upon sensing initial clutch pull-
in which ensures partial engagement of the clutch for
the noted gradual acceleration of the armature. Gradual
acceleration of the armature toward the high operating
speed 1s accomplished by partially engaging the electri-
cal clutch for a clutch slip time period prior to fully

“engaging the clutch.

The shift load on the gear train and electrical clutch
can be reduced further in accordance with the present
invention by turning the alternator field current of the
armature off prior to partially engaging the electrical
clutch. By turning off the field current of the armature
and allowing it to decay substantially prior to partially
engaging the electrical clutch, the magnetic forces op-
posing acceleration of the armature toward the first
high operating speed are substantially reduced. Prefera-
bly, the alternator field current of the armature is re-
stored only after the alternator is fully operating at the
first high speed and the electrical clutch is fully en-
gaged.

In accordance with one aspect of the present inven-
tion, a method of operating a two speed alternator hav-
ing a stator and an armature comprises the steps of:
monitoring the frequency of electrical energy generated
by the alternator; operating the alternator at a first
speed of its two speeds for frequencies of electrical
energy ranging from zero up to a first predefined fre-
quency; and, operating the alternator at a second speed
of its two speeds for frequencies of electrical energy
from a maximum frequency down to a second prede-
fined frequency, the second speed being less than the
first speed.

In accordance with another aspect of the present
invention, an alternator driven by an internal combus-
tion engine of a motor vehicle comprises an alternator
housing having stator circuit means therein for conduct-
ing electrical energy from the alternator. Armature
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circuit means are mounted for rotation within the hous-
ing with drive means provided for transmitting energy
from the internal combustion engine to the alternator.
Gear means are connected between the drive means and
the armature circuit means for driving the armature
circuit means at two speeds defined by the gear means.
Clutch means are connected to the gear means for
switching between the two speeds. Circuit means con-
nected to the stator circuit means monitor the frequency
of electrical energy generated by the alternator and
control the clutch means to switch between the two
speeds of the gear means dependent on the frequency of
electrical energy generated by the alternator.

It is thus a feature of the present invention to provide
an improved method and apparatus for controlling an
alternator of a motor vehicle to switch between a first
high speed of operation for low vehicle engine speeds
and a second low speed of operation for high vehicle
engine speeds based on the frequency of power gener-
ated by the alternator; to provide an improved method
and apparatus for controlling an alternator of a motor
vehicle to switch between a first high speed of opera-
tion for low vehicle engine speeds and a second low
speed of operation for high vehicle engine speeds based
on the frequency of power generated by the alternator
wherein a clutch is used to select between the speeds
and is initially shpped to reduce stress on the alternator
drive train as the alternator is switched from low to
high speed operation; and, to provide an improved
method and apparatus for controlling an alternator of a
motor vehicle to switch between a first high speed of
operation for low vehicle engine speeds and a second
low speed of operation for high vehicle engine speeds
based on the frequency of power generated by the alter-
nator wherein alternator field current 1s mterrupted
prior to performing a low to high speed switch to re-
duce stress on the alternator drive train.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partially sectioned side view of a two
speed drive arrangement for an alternator;

FI1GS. 2 and 3 together form a schematic diagram for
a clutch control circuit for controlling the two speed
alternator drive arrangement of FIG. 1;

F1G. 4 is a graph showing alternator operating speed
versus engine operating speed for an alternator oper-
ated in accordance with the present invention;

FIG. § is a schematic diagram of a two speed alterna-
tor circuit connected for control in accordance with the
present invention by the clutch control circuit of FIGS.
2 and 3; and,

FIGS. 6A-6F are timing plots which compare signais

generated by the clutch control circuit of FIGS. 2 and
3.

DETAILED DESCRIPTION OF THE
INVENTION

FI1G. 1 illustrates a two speed drive arrangement for
a motor vehicle alternator 100. Only the forward or
drive portion of the alternator 100 has been shown for
ease of illustration and description. An alternator drive
shaft 102 supports armature circuit means comprising
an armature 104 and is in turn supported for rotation in
a front half-shell 106 A of an alternator housing 106 by
front bearings 108. Stator circuit means comprising a
wye connected stator winding 107 is supported about
the inner periphery of the alternator housing 106 (also
see 107A in FIG. 5). The alternator 100 is mounted to be

5,266,836

10

15

20

25

30

35

45

50

55

4

driven by an associated engine by means of bolt receiv-
ing passages 110 and 112.

Drive means for transmitting energy from the motor
vehicle engine comprises a pulley 114. The pulley 114 1s
mounted to the alternator drive shaft 102 by means of
gear means comprising a planetary gear housing 116,
planetary gears 118, a ring gear 120 and a star gear 122

which is secured to the alternator drive shaft 102. The
pulley 114 and planetary gear housing 116 are secured
to one another and mounted to the outer end of the

alternator drive shaft 102 by bearings 124 and a one way
roller clutch 126. The ring gear 120 is mounted for
rotation relative to the alternator dnive shaft 102 by
bearings 127 and also secured to a clutch plate 128
which interfaces with and is controlled by clutch means
comprising an electrical clutch 130. This structure pro-

vides a two speed drive arrangement for the alternator
100.
Operation of the two speed drive arrangement illus-

‘trated in FIG. I will now be described. When the elec-

trical clutch 130 is engaged or operated, the clutch plate
128 is secured relative to the housing of the alternator
100 which in turn secures the ring gear 120 such that it
does not rotate relative to the alternator drive shaft 102.
The planetary gears 118 move with the planetary gear
housing 116 and are caused to rotate as they engage the
secured ring gear 120. The rotating planetary gears 118,
which are engaged with the star gear 122, then cause
the star gear 122 and the alternator drive shaft 102 to
rotate. Accordingly, the alternator drive shaft 102 1s
driven through the pulley 114, the planetary gear hous-
ing 116, the planetary gears 118 and the star gear 122.

Due to the action of the planetary gear drive, the
alternator drive shaft 102 is driven at a first high speed
which is higher than the speed which would result if the
alternator drive shaft 102 was directly driven by the
pulley 114. The alternator drive shaft 102 1s able to
rotate faster than the pulley 114 because of the one way
roller clutch 126 which permits free rotation of the
alternator drive shaft 102 at such higher speeds.

When the electrical clutch 130 1s disengaged or not
operated, the clutch plate 128 and ring gear 120 are free
to rotate relative to the alternator drive shaft 102. Ac-
cordingly, the alternator drive shaft 102 is driven by the
pulley 114 through the one way roller clutch 126 at a
second low speed determined by a drive pulley/belt
(not shown) coupling the internal combustion engine of
the motor vehicle to the pulley 114 of the alternator
100. Thus, the alternator 100 can be driven at the first
high speed by operating the electrical clutch 130 and
can be operated at the second low speed by releasing
the electrical clutch 130.

While the above described two speed drive arrange-
ment for an alternator of a motor vehicle i1s very stmilar
to known two speed drive arrangements, the invention
of the present application provides an improved ar-
rangement for controlling the two speed operation of an
alternator in a motor vehicle which control arrange-
ment is reliable and does not require interconnection to
related engine operating components. The improved
control arrangement also permits a more compact alter-
nator structure by reducing the stress imposed on the
two speed drive arrangement such that the alternator
can occupy less space within the engine compartment
of a motor vehicle. -

Reference will now be made to FIGS. 2 and 3 which
together form a schematic diagram for a clutch control
circuit 200 for controlling the two speed alternator
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drive arrangement of FIG. 1 in accordance with the
present invention wherein the output frequency of
power generated by the alternator 100 1s used to switch

between the high and low operating speeds of the alter- -

nator 100. In FIG. §, the clutch control circuit 200 of
FIGS. 2 and 3 is shown connected to an alternator 100A
with conventional circuitry including stator circuit
means comprising a stator circuit 107A, armature cir-

cuit means comprising an armature circuit 104A and an

integral alternator regulator 202.

As shown in FIGS. 2 and §, one of the stator circuit
windings is monitored by connection to a stator or S
lead coming from a rectifier assembly 204 of the alterna-
tor 100A. An output signal on the S lead is connected to
the input of a frequency to voltage converter 206. In the
illustrated embodiment, the frequency to voltage con-
verter 206 1s a I.LM2907, which is commercially avail-
able from National Semiconductor, although other
commercially available devices and circuits can be used
in the present invention.

The frequency to voltage converter 206 is configured
in a known manner as shown to provide a high output
voltage for signals ranging in frequency from dc up to
approximately 510 hertz at which point the output volt-
age 1s switched to a low output voltage, in this case
substantially ground potential. The output voltage from
the frequency to voltage converter 206 remains at a low
voltage level for signals having frequencies above 510
hertz and frequencies from 510 hertz down to approxi-
mately 180 hertz. Thus, the frequency to voltage con-
verter 206 has a hysteresis band between approximately
180 hertz and 510 hertz. |

As shown in FIG. 4, 1n the illustrated embodiment of
the present invention just prior to switching with alter-
nator operation in the low speed range, the 180 hertz
switch point corresponds to an alternator speed of ap-
proximately 1800 revolutions per minute (RPM) and an
engine speed of approximately 850 RPM. Similarly, just
prior to switching with alternator operation in the high
speed range, the 510 hertz switch point corresponds to
an alternator speed of approximately 5100 RPM and an
engine speed of approximately 950 RPM. Accordingly,
the hysteresis band in terms of engine speed in the illus-
trated embodiment is between 850 and 950 RPM with
nominal engine idle speed being approximately 660
RPM.

The output signal 207 from the frequency to voltage
converter 206 indicates whether the electrical clutch
130 should be operated or released: if the output signal
207 1s at its high voltage level, the electrical clutch
should be operated; if the output signal 207 1s at 1ts low
voltage level, the electrical clutch should be released,
see FIG. 6A. To this end, the output signal 207 from the
frequency to voltage converter 206 is passed to a pair of
comparator circuits 208 and 210 which are connected to
a potentiometer 211 for selection of a reference voltage.
The comparator circuits 208 and 210 have associated
RC time constant circuits which control their operation
as the output signal 207 from the frequency to voltage
converter 206 transitions from its low voltage level to
its high voltage level.

The RC time constant circuit for the comparator 208

comprises a capacitor 212 and potentiometer 214 which
permits its time constant to be selected as desired. The
RC time constant for the comparator 210 comprises a
capacitor 216 and a potentiometer 218 which permits its
time constant to be selected as desired. The capacitors
212 and 216 are rapidly discharged through diodes 220
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and 222, respectively, when the output signal 207 from
the frequency to voltage converter 206 goes from its
high voltage level to its low voltage level or ground
potential.

The illustrated arrangement of RC time constant
circuits provides generation of a substantially instanta-
neous output signal 224 by the comparator 208 until the
capacitor 212 can charge through the potentiometer
214; and, a delayed output signal 226 from the compara-
tor 210 until the capacitor 216 can charge through the
potentiometer 218, see FIGS. 6B and 6C. The output
signal 224 from the comparator 208 drives a transistor
228 which is connected between an ignition, I, input of
the integral alternator regulator 202 and a resistor 230
which is connected to receive power from a contact of
the ignition switch 232. The transistor 228 causes the

~ integral alternator regulator 202 to interrupt the field
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current of the armature, FI, of the alternator 100 for
speed changes from the second low speed of alternator

.operation to the first high speed of alternator operation

as will be fully described hereinafter.

The output signal 226, also referred to herein as a
control signal, from the comparator circuit 210 is passed
to and operates the circuitry of FIG. 3. The output
signal 226 activates a transistor 234 which causes full
battery voltage VB4 to be applied to a control coll
130C of the electrical clutch 130. Current flow 1s
through the coil 130C, a transistor 236 which 1s turned
on by an inverter 238 which inverts the signal on the Q
output of a timer circuit 240 generally identified as and
comprising a 555 integrated timer circuit in the illus-
trated embodiment, the transistor 234 and a low resis-
tance current monitoring resistor 241. The signal 242 of
FIG. 6D is representative of activation of both transis-
tors 234 and 236, i.e. the signal 242 is high if both the
transistors 234 and 236 are turned on and is low if either
or both of the transistors 234 and 236 are turned off.

Current flow, C1, through the coil 130C 1s shown in
FI1G. 6E and i1s monitored by the resistor 241 and an
operational amplifier 244. The operational amplifier 244
acts as a peak detector with the voltage level on a ca-
pacitor 246 being representative of the peak current
through the coil 130C. As shown in F1G. 6E, the cur-
rent flow, C1, through the coil 130C nises to a peak
value and then suddenly drops as the clutch plate 128 1s
pulled in by the electrical clutch 130. Current flow, C1,
through the coil 130C falling to approximately 70% of
the peak value as represented by the voltage level on
the capacitor 246 signals clutch pull-in and the timer
circuit 240 is activated through the comparator 248.

The timer circuit 240 turns off the transistor 236 for a
period of time defined by the timer circuit 240 and then
the transistor 236 is turned back on. During the time
period that the timer circuit 240 turns off the transistor
236, a voltage regulator circuit 250 controls current
flow through the coil 130C. The voltage regulator cir-
cuit 250 acts to maintain a constant voltage across a
resistor 252 such that a constant current flow is main-
tained through the coil 130C during this time. The volt-
age regulator circuit 250 comprises a LM337BT in the
illustrated embodiment, which is commercially avail-
able from National Semiconductor, aithough other
commercially available devices and circuits can be used
in the present invention.

Operation of the clutch control circuit 200 for con-
trolling a two speed alternator will now be described
with reference to the drawing figures and particularly
FIGS. 6A-6F. Operation will be described initially for
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a transition from operation at the second or low speed
of operation for the alternator to the first or high speed
of operation. Such a transition would occur for example
if a motor vehicle including the alternator was stopped
from operation at normal highway speeds. At normal
highway speeds, the low speed of operation of the alter-

nator is adequate to provide power for the electrical
system of the motor vehicle and the frequency of this
power is above 180 hertz corresponding to an alternator

speed of 1800 RPM and an engine speed of 850 RPM.
Accordingly, the frequency to voltage converter 206
generates a disengage, D, signal as its output signal 207.

As the vehicle slows, the engine speed goes below
850 RPM and the frequency of the output power from
the alternator goes below 180 hertz. The reduced fre-
quency of the output power from the alternator is de-
tected by the frequency to voltage converter 206 which
then changes its output signal 207 to a high voltage level
or engage, E, signal. This results in the field current, FI,
in the alternator being turned off by turning off the
transistor 28, see FIG. 6F. It is currently preferred to
turn off the field current, FI, for a period of approxi-
mately three (3) seconds. By turning off the field cur-
rent, of the armature FI, for this brief period of time, the
mechanical load on the alternator drive shaft 102 1s
reduced to a minimum.

After a delay period determined by the comparator
210 as described above, its output signal 226 or the
control signal goes to a high voltage level or engage, E,
signal. It is currently preferred to set the delay time to
approximately one (1) second to permit the field cur-
rent, FI, to decay prior to commencing engagement of
the electrical clutch 130.

Clutch engagement is performed by initially applying
substantially full battery voltage to the clutch coil 130C
through the transistors 234 and 236 as described and
illustrated in FIG. 6D. The initial pull-in of the clutch
plate 128 is sensed and activates the timer 240 to turn off
the transistor 236 for a period of time during which
current flow through the clutch coil 130C is limited by
the voltage regulator circuit 250 as described. The ini-
tial clutch pull-in is sensed by a dip in the clutch current
as shown in FIG. 6E.

It is presently preferred to turn off the transistor 236
for a period of approximately one (1) second and to the
control the current flow to approximately one (1) am-
pere. During this time period, the electrical clutch 130
is only partially engaged to allow slippage as the alter-
nator drive shaft 102 is accelerated from its low speed of
operation toward its high speed of operation. The tran-
sistor 236 is then turned back on to fully engage the
electrical clutch 130. After the three (3) second turn off
period, the field current, F1, for the alternator is turned
back on via the transistor 228 and operation of the alter-
nator continues in its first high speed.

Switching from the first high speed to the second low
speed is performed as the frequency of the output
power from the alternator increases to and exceeds 510
hertz, for example by a return of the motor vehicle to
operation at normal high speeds. For transitions from
high speed to low speed, the clutch is released and the
clutch control circuit 200 is prepared for the next transi-
tion from low speed to high speed.

Having thus described the method and apparatus of
the present invention in detail and by reference to pre-
ferred embodiments thereof, it will be apparent that
modifications and variations are possible without de-
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8

parting from the scope of the invention defined in the
appended claims.

What is claimed 1is:

1. A method of operating an alternator having a gear
train interconnected between a pulley driven by an
internal combustion engine and an armature of said
alternator, said gear train being operable between two
speeds by an electrical clutch which is engaged for
operation of said alternator at a first one of said two
speeds and disengaged for operation of said alternator at
a second one of said two speeds, said method compris-
ing the steps of:

initially engaging said electrical clutch to operate said

gear train and thereby said alternator at said first
one of said two speeds;

monitoring the frequency of electrical energy gener-

ated by said alternator circuit;

disengaging said electrical clutch to operate said gear

train and thereby said alternator at said second one
of said two speeds as the frequency of electrical
energy generated by said alternator increases to
and exceeds a first predefined frequency; and
re-engaging said electrical clutch to operate said gear
train and thereby said alternator at said first one of
said two speeds as the frequency of electrical en-
ergy generated by said alternator falls to and below
a second predefined frequency less than said first
predefined frequency by performing the steps of:
defining a clutch slip time period;
limiting current flow to said electrical clutch dur-
ing said clutch slip time period to thereby par-
tially engage said electrical clutch and accelerate
said armature from said second one of said two
speeds toward said first one of said two speeds;
and
fully activating said electrical clutch after said
clutch slip time period to fully engage said elec-
trical clutch and operate said alternator at said
first one of said two speeds.

2. A method of operating an alternator having a gear
train interconnected between a pulley driven by an
internal combustion engine and an armature of said
alternator, said gear train being operable between two
speeds by an electrical clutch which is engaged for
operation of said alternator at a first one of said two
speeds and disengaged for operation of said alternator at
a second one of said two speeds, said method compris-
ing the steps of:

initially engaging said electrical clutch to operate said

gear train and thereby said alternator at said first
one of said two speeds;

monitoring the frequency of electrical energy gener-

ated by said alternator circuit;
disengaging said electrical clutch to operate said gear
train and thereby said alternator at said second one
of said two speeds as the frequency of electrical
energy generated by said alternator increases to
and exceeds a first predefined frequency;

re-engaging said electrical clutch to operate said gear
train and thereby said alternator at said first one of
said two speeds as the frequency of electrical en-
ergy generated by said alternator falls to and below
a second predefined frequency less than said first
predefined frequency;

turning off alternator field current prior to perform-

ing the step of re-engaging said electrical clutch;
and
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turning said alternator field current back on after said
electrical clutch i1s engaged. |
3. A method of operating an alternator as claimed in
claim 2 further comprising the step of: delaying perfor-
mance of the step of re-engaging said electrical clutch
for an alternator current decay time period after per-
forming the step of turning off alternator field current.
4. A method of operating an alternator as claimed in
claim 3 wherein the step of re-engaging said electrical
clutch comprises the steps of:
defining a clutch slip time period;
limiting current flow to said electrical clutch during
said clutch slip time period to thereby partially
engage said electrical clutch and accelerate said
armature from said second one of said two speeds
toward said first one of said two speeds; and

10

15

fully activating said electrical clutch after said clutch

slip time period to fully engage said electrical
clutch and operate said alternator at said first one
of said two speeds.

20.

5. A method of operating an alternator as claimed in

claim 3 wherein the step of re-engaging said electrical
clutch comprises the steps of:

applying activation power to said clutch;

sensing initial clutch pull-in;

defining a clutch slip time period commencing upon

initial clutch pull-in;

limiting current flow to said electrical clutch during

said clutch slip time period to thereby partially
engage said electrical clutch and accelerate said
armature from said second one of said two speeds
toward said first one of said two speeds; and

fully activating said electrical clutch after said clutch

slip time period to fully engage said electrical
clutch and operate said alternator at said first one
of said two speeds.

6. A method of operating a two speed alternator
having a stator and an armature, said method compris-
ing the steps of:

monitoring the frequency of electrical energy gener-

ated by said alternator;
operating said alternator at a first speed of its two
speeds for frequencies of electrical energy ranging
from zero up to a first predefined frequency;

operating said alternator at a second speed of its two
speeds for frequencies of electrical energy from a
maximum frequency down to a second predefined
frequency, said second speed being less than said
first speed and said first predefined frequency being
greater than said second predefined frequency with
the difference between said first predefined fre-
quency and said second predefined frequency de-
fining a hysteresis band for switching between said
first and second speeds;

switching the operating speed of said alternator from

said second speed to said first speed as the fre-
quency of electrical energy falls below said second
predefined frequency; and

temporarily interrupting field current flow in the

armature of said alternator during a speed increas-
ing time period preceding and extending into an
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initial time period of the step of switching from said
second speed to said first speed.

7. A method of operating a two speed alternator as
claimed in claim 6 wherein the step of switching the
operating speed of said alternator from said second
speed to said first speed comprises the step of gradually
increasing the operating speed of said alternator from
said second speed to said first speed.

8. An alternator driven by an internal combustion
engine of a motor vehicle, said alternator comprising:

an alternator housing; .

stator circuit means within said housing for conduct-

ing electrical energy from said alternator;
armature circuit means mounted for rotation within
said housing;

drive means for transmitting energy from said inter-

nal combustion engine to said alternator;

gear means connected between said drive means and

said armature circuit means for driving said arma-
ture circuit means at two speeds defined by said
gear means;

clutch means connected to said gear means for

switching between said two speeds;

circuit means connected to said stator circuit means

for monitoring the frequency of electrical energy
generated by said alternator and for controlling
said clutch means to switch between said two
speeds of said gear means dependent on the fre-
quency of electrical energy generated by said alter-
nator, said circuit means comprising current limiter
means for limiting current flow to said clutch
means and frequency monitoring means for moni-
toring electrical energy from said stator circuit
means to generate a clutch state signal command-
ing clutch engagement for frequencies from zero
up to a first predefined frequency and a clutch state
signal commanding clutch disengagement for fre-
quencies from a maximum frequency down to a
second predefined frequency, said second prede-
fined frequency being less than said first predefined
frequency with the difference between said first
and second predefined frequencies defining a hys-
teresis band for switching between said two speeds.

9. An alternator driven by an internal combustion
engine of a motor vehicle as claimed in claim 8 wherein
said circuit means further comprises clutch activation
delay means for delaying engagement of said clutch
means for a predefined time period in response to said

clutch state signal commanding clutch engagement.

10. An alternator driven by an internal combustion
engine of a motor vehicle as claimed in claim 9, wherein
said circuit means further comprises field current con-
trol means for interrupting the field current to said
armature circuit means for a predefined time period in
response to said clutch state signal commanding clutch
engagement.

11. An alternator driven by an internal combustion
engine of a motor vehicle as claimed in claim 10
wherein said circuit means further comprises clutch
monitoring means for detecting initial clutch pull-in and
activating said current limiter means in response to

detection of initial clutch puli-in.
% X % % %
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